Machilus thunbergii (Lauraceae) is an evergreen tree cultivated in Korea and Japan. M. thunbergii has long been used as a traditional medicine in Korea, China, and Japan to treat various diseases, including edema, abdominal pain, and abdominal distension. In this study, dried stem bark of M. thunbergii extracted in methanol and extract was partitioned into n-hexane, CHCl3, and BuOH. The CHCl3-soluble extracts chromatographed on silica gel column using a CHCl3/acetone and n-hexane/EtOAc mixture to afford Compound 1 and 2. Two dibenzylbutane lignans, macelignan (1) and meso-dihydroguaiaretic acid (2), were isolated from the CHCl3-soluble extract of M. thunbergii stem bark. The structures of 1 and 2 were determined by 1 H-and 13 C-NMR spectroscopic data analyses and a comparison with literature data. The tyrosinase inhibitory activity of the isolated compounds was evaluated. Among these compounds, Compound 2 strongly inhibited the monophenolase (IC50=10.2 μM) activity of tyrosinase. A kinetic analysis showed that Compound 2 was a competitive inhibitor. The apparent inhibition constant (Ki) for Compound 2 binding to free enzyme was 4.8 μM. Based on these results, it can be concluded that meso-dihydroguaiaretic acid (2) is a potential candidate for the treatment of melanin biosynthesis-related skin diseases.
Introduction
Machilus thunbergii (Lauraceae) is the evergreen tree grown in areas of Korea and Japan. The bark of this plant has been used as a folk medicine for the treatment of leg oederma, abdominal pain and abdominal distension in Korea [15] . Lignans, alkaloids [20] , flavonoids [9] , butanolids [10] and essential oils [11] have been reported as components from M. thunbergii, some of which have hepatoprotective activity as antioxidants [27] , antibacterial activity [7] , and inhibitory activity on nitric oxide synthesis in activated macrophages [9] . Macelignan and meso-dihydroguaiaretic acid (MDGA), an active lignan compounds were isolated from the stem bark of M. thunbergii [20] . Macelignan has been reported to possess antioxidant [14] , anti-inflammatory [5] , anticarinogenic, and hepatoprotective effects [24] and cause alteration in hepatic enzyme activities [21] . MDGA has been reported to have antioxidant [27] , antifungal [1] , antimicrobial [8] , antiallergic [18] , neuroprotective [16] , and hepatoprotective activities [19] .
Tyrosinase (EC 1.14.18.1), also known as polyphenol oxidase, is a copper-containing mixed-function oxidase widely distributed in microorganism, animals, and plants. This oxidase catalyzes two distinct reactions of melanin synthesis, the hydroxylation of a monophenol and the conversion of an O-diphenol to the corresponding O-quinone. Tyrosinase is responsible for browning in plants and is considered to be deleterious to the color quality of plant-derived foods and beverages [4] . This unfavorable darkening from enzymatic oxidation generally results in a loss of nutritional and economic values and has been of great concern. However, Tyrosinase is not only the key enzyme in the browning of fruits and vegetables, but also the key enzyme of the darkening of skin, hair and eyes in animals. Hence, the discovery of new and safe tyrosinase inhibitors should have broad applications. In recent years, tyrosinase inhibitors have attracted concern owing to the hyperpigmentation [3] , result--Note -ing from the increased use of tyrosinase enzyme in medicinal and cosmetic products [17] , and their identification and isolation from natural sources have been also increased [25] .
Natural tyrosinase inhibitors are generally considered to be free of harmful side effects and can be produced at reasonable low costs. Therefore, the development and utilization of more effective tyrosinase inhibitors of natural origin are desired.
In our continuous search for new tyrosinase inhibitors from M. thunbergii, the MeOH extracts were subsequently partitioned and isolated. As a result, two dibenzylbutane lignans, macelignan (1) and MDGA (2) were isolated from M. thunbergii. In this study, the isolation and structural determinations of these two compounds are described. All the isolated compounds were evaluated for their tyrosinase inhibitory activities.
Materials and Methods

Plant material
The stem bark of M. thunbergii was purchased from an oriental drug store in Pohang, Gyeongbuk, Korea, in July plates.
Extraction and isolation
The dried stem bark (500 g) of M. thunbergii were chopped and extracted three times with 100% methanol (1 l ×3) for 7 days at room temperature. The combined methanol extract was concentrated in vacuo to yield a brown gum (11.3 g).
The methanol extract was suspended in H2O (500 ml), then partitioned in turn with n-Hexane, CHCl3 and BuOH (each 
Tyrosinase inhibitory activity
Mushroom tyrosinase (EC 1.14.18.1) was assayed as described previously with slight modifications [4] , using L-ty- 
Results and Discussion
The MeOH extract of the M. thunbergii was partitioned successively with n-Hexane, CHCl3, and BuOH soluble fractions, respectively. Then, we were evaluated for the inhibitory activity of the partitioned fraction on tyrosinase.
Among the partitioned fractions, the CHCl3 soluble fraction showed significant tyrosinase inhibitory activity (IC50=97.9± 5.2 μg/ml), whereas n-Hexane and BuOH fractions showed weaker activity. So, CHCl3 soluble fraction was subject to chromatographed on a normal-phase column and a reverse-phase column, to give two dibenzylbutane lignans, macelignan (1) and meso-dihydroguaiaretic acid (2). Subsequently, HPLC was performed as it is more sensitive, selective, and speedy. The use of ELSD detector is convenient method to identify. The chromatogram of the result of purity analysis by HPLC is shown in Fig. 1 . The purity of compounds 1 and 2 were more than 95%. C-NMR spectrum showed two methoxy groups δC 55.9 (OCH3), two methyl groups δC 16.2 (C-9, 9'), two methylene groups δC 38.9 (C-7, 7'), eight methin groups δC 39.2 (C-8, C-8'), 111.5 (C-2, 2'), 114.0 (C-5, 5') and 121.7 (C-6, 6'), and six quaternary carbons δC 133.8 (C-1, C-1') , 143.6 (C-4, 4') and 146.3 (C-3, 3' ). These spectral data suggested that 2 was a dibenzylbutane lignan. As a result, compound 2 was identified as (8R,8'S)-7,7′-di-(4-hydroxy-3-methoxyphenyl)-8,8′-dimethylbutane (meso-dihydroguaiaretic acid, MDGA) by comparing its spectroscopic data with the previously reported data [2, 20] .
The isolated compounds were evaluated for their inhibitory activities on tyrosinase. As shown in Table 1 and (Table 1 ). In the previous reports, phenylpropanoids, stilbenes, and other derivatives, including 3,4-dihydroxycinnamic acid [13] , oxyresveratrol were identified as tyrosinase inhibitors. Among them, phenylpropanoids containing a hydroxyl group possess potent tyrosinase inhibitory activity. In the case of oxyresveratrol the presence of a hydroxyl group in the ring seems to be related to their inhibitory potency [22] . In this study as well, we suggest that the inhibitory effect of 2 was determined by the guaiacyl Table 2 ). The time dependence of 2 on the tyrosinase catalyzed oxidation of L-tyrosine was studied. MDGA (2) showed time dependent inhibition (Fig.   2C ). As shown in Fig. 2C , the lag time is known for the oxidation of monophenol substrates such as L-tyrosine and this lag can be shortened. This lag time can be extended by monophenolase inhibitors such as tropolone [6] and galangin [12] . MDGA (2) did extend this lag phase, indicating that 2 inhibit the hydroxylation of L-tyrosine.
In summary, two of dibenzylbutane lignans were isolated from CHCl3-soluble fractions of M. thunbergii. The structures were identified as macelignan (1) and MDGA (2) by the physicochemical and spectroscopic data. The isolated compounds were evaluated for their tyrosinase inhibitory activities. Among them, MDGA (2) inhibited the oxidation of L-tyrosine catalyzed by mushroom tyrosinase. The inhibition mechanism obtained from the Dixon plot show that MDGA (2) is a competitive inhibitor. MDGA (2) only binds the free enzyme to form an EI complex rather than bind the ES complex.
Use of tyrosinase inhibitors is becoming increasingly important in the cosmetic industry due to their skin whitening and preventive effects. Besides being used in the treatment of some dermatological disorders associated with melanin hyperpigmentation, tyrosinase inhibitors have found an important role in the cosmetic and pharmaceutical industries for their skin-whitening effect and depigmentation after sunburn [23] . In this study, it can be concluded that MDGA (2) can be potential candidate for the treatment of melanin biosynthesis related skin diseases, likely hyper-pigmentation of human as well as animals.
초록：후박나무에서 분리한 meso-dihydroguaiaretic acid의 tyrosinase 저해활성 
